well, at least to the point of not being worse off than non-coffee growers. Conversely, improving health conditions and reducing the effect of droughts emerge as critical to reduce vulnerability. One-third of the rural households in Kilimanjaro experienced a drought or health shocks, resulting in an estimated 8 percent welfare loss on average, after using savings and aid. Rainfall is more reliable in Ruvuma, and drought there did not affect welfare. Surprisingly, neither did health shocks, plausibly because of lower medical expenditures given limited health care provisions.
Introduction
The precipitous decline in coffee prices around the turn of the 20th century attracted a lot of attention among policy makers in Sub-Saharan Africa. Indeed, studies and policy debates of the effects of shocks on household welfare are very often instigated by a politically salient event-a drought or an economic crisis-and focus on a particular risk factor 2 . Yet, not only are the actual welfare effects for coffee growers in SubSaharan Africa of the coffee price decline poorly understood, the focus on coffee prices as a major risk factor also distracted attention away from the wide array of risks coffeegrowing households faced, including health and drought shocks.
This paper takes a more holistic approach and jointly examines the immediate effects of different shocks on household welfare in the context of two coffee-growing regions in Tanzania, Kilimanjaro and Ruvuma. In a directly administered shock module as part of a comprehensive household survey, rural households identified health shocks, droughts, and commodity price declines as their major risk factors both in terms of the frequency of their occurrence as well as the severity of their effects. This underscores the need for a more comprehensive perspective on household vulnerability even when looking at the livelihoods of commodity producing households.
The paper addresses three broad questions. First, it explores the (immediate) welfare effects of idiosyncratic health, covariant drought and more systemic commodity price shocks. Second, it examines the occurrence and effectiveness of self-and mutual insurance strategies as well as irrigation in mitigating the negative welfare effects of such shocks. Finally, the key correlates of people's coping strategies are identified.
The paper proceeds by outlining the empirical methodology in section 2. Data considerations are addressed in section 3. Empirical results regarding the welfare effects of the different shocks are presented in section 4, and the effectiveness of the different coping strategies is explored in section 5. Section 6 examines the correlates of households' coping capacity, followed by concluding remarks in section 7.
Empirical Methodology
Economic theory holds that households prefer smooth to volatile consumption.
Given access to well functioning credit or insurance markets, these preferences generate stable consumption paths, even when shocks occur. If credit and insurance markets are imperfect, household consumption may be susceptible to shocks (Deaton, 1992; Besley, 1995; Dercon and Krishnan, 2000; Fafchamps and Lund, 2003; Kazianga and Udry, 2006) . These theoretical insights provide a framework to empirically explore how shocks and households' coping capacity affect their consumption levels.
More formally, suppose households at time t maximize inter-temporal expected utility U t . Let u(c t ) be instantaneous utility derived from consumption c t (≥0), u'(.)>0 and u''(.)<0 such that: 
with δ the rate of time preference and T the end of the life-cycle. Households face risky income y t (S t ) with S t representing idiosyncratic/covariate shocks (e.g. drought, illness) affecting income occurring in t. Income can be used to obtain consumption at prices p t .
Define r as the rate of returns to savings between periods and A t+1 as the value of assets at the beginning of period t+1. Assets evolve from one period to the next according to: ) ) ( )( 1 ( Discounted marginal utilities suitably corrected for relative price changes will be equated.
In the absence of uncertainty, with r equal to δ and prices constant over time, the optimal consumption path implies constant consumption over time.
In the tradition of Hall (1978) and Morduch (1991) , assume constant relative risk aversion with instantaneous marginal utility defined at t as with u ijt+1 the expectation error which has mean zero and is orthogonal to all variables known at time t given rational expectations. According to equation (4) the path of consumption over time is only affected by taste shifters and price changes, as long as there are no binding liquidity constraints over time and provided the underlying factors determining wealth (or permanent income) are not changing. In other words, under the hypothesis of perfect consumption smoothing, the optimal consumption path is not affected by idiosyncratic and/or covariate (income) shocks S ijt+1 and introduction of these shocks overidentifies equation (4). This provides an empirical framework to explore the effects of shocks on welfare. Allowing further for a differential ability across households to cope with shocks ex post yields the following linear empirical specification: with Z ijt comprising price changes and taste shifters (such as changes in household composition) and M ijt a vector of variables such as initial wealth, social capital, access to credit, availability of safety net programs, capturing the household's capacity to mitigate the effect of income shocks ex post. Differential ability to cope with shocks ex post is likely to condition the effect of income shocks on consumption.
Alternatively, assume X ijt is the comprehensive set of observable (and exogenous) household and location characteristics affecting preferences, permanent income and coping capacity (after shocks S ijt have materialized) 3 , such that c ijt = c(X ijt , v ij , ω j ) with v ij and ω j reflecting unobserved (time invariant) household and location heterogeneity respectively. Equation (5) can then also be written and estimated as:
When panel data are available, equation (5) could be estimated (either as a difference or a fixed effects model) and unobserved household (and location) heterogeneity would be explicitly controlled for. Yet in practice, panel data are often not available, and when available, they tend to focus on a limited set of livelihoods/ populations and usually span relatively short time periods. This poses a particular challenge when studying the effect of slow onset, systemic shocks such as broad economic crises or a decline in commodity prices (which tend to have memory). The period covered by the panel may be too short to fully encompass the period of the shock (e.g. precipitous commodity price decline) and the shock may affect all households in the sample leaving the researcher in effect without a control group. Estimates of the welfare effect of an economy wide shock based on welfare before and after the shock will be biased, if there are secular trends.
Furthermore, the availability of repeated observations on a household's consumption and income does not eliminate the need for explicit information on shocks to estimate the welfare effects of shocks. While changes in consumption are sometimes regressed on changes in income (Harrower and Hoddinott, 2005) , attenuation bias, due to oft observed measurement error in the latter, would lead us to underestimate the effect of an income shock. At the same time, imputation errors in valuing consumption from own food production in constructing the consumption and income variables may lead to a spurious positive correlation between total household consumption and income, biasing the income coefficient upwards (Deaton, 1997) . Direct information on shocks usually provides the necessary instruments to address this problem. It also enables inference on the effect of shocks on income and consumption.
In the absence of panel data, but given cross sectional data on household consumption (C ijt+1 ), explicit information on shocks experienced during t+1 (S ijt+1 ) and comprehensive recall data on households' assets and their coping capacity (X ijt ) the differential effect of different shocks across households can be explored through estimation of equation (6), in effect using a retrospective panel approach and assuming
In practice, a comprehensive description of the household characteristics (X ijt ) helps reduce the likelihood of potential bias due to unobserved household heterogeneity.
Furthermore, potential endogeneity issues related to the shock variables can be avoided through the use of external shock information as opposed to self-reported measures of shocks from the household questionnaire. The use of village fixed effects controls for bias due to correlation of X and S with unobserved village effects. Yet as this may cause an underestimate of the full effect of covariate shocks, it is useful to also explore models with an explicit comprehensive description of the location/village characteristics when available.
Given that slow onset commodity price shocks such as the systemic coffee price shocks only directly affect producers of these crops, the effect of these shocks could in principle be explored when the sample includes a sufficiently large control group of noncoffee or cashew crop growers with similar characteristics. The shock variable (S ijt+1 ) in this case becomes being a coffee crop grower at t or not.
Yet, caution is warranted in interpreting the empirical results. First, it is implicitly assumed that cash and non-cash-crop growers are ceteris paribus equivalent (E(S ijt+1 ·v ij )=0) such that the effect of being a cash-crop grower only captures the effect of the systemic price shock. Second, if the overall economic activity in the region declines as a result of the price decline, the approach is likely to underestimate the direct negative effect as non-coffee growers are likely to have suffered as well, through general equilibrium effects. Given data limitations and bearing these caveats in mind, this study takes the retrospective panel approach.
Rural Households in Commodity-Growing Regions in Tanzania
To analyze the welfare effects of the different shocks, data from a household vulnerability survey conducted in rural Kilimanjaro (October-December 2003) and rural Ruvuma (February-March 2004) are used. In each region about 900 rural households were surveyed, of which two thirds were growing coffee in Kilimanjaro. In Ruvuma, about one third of the households grew coffee, one quarter cashew, and 4 percent tobacco. The remaining third did not cultivate cash crops. Features of the sampled households relevant to the empirical analysis are highlighted below (Table 1) .
Welfare is measured through the (logarithm of) total household expenditures per adult equivalent. 4 To avoid a downward bias in the estimated effect of health shocks on welfare, all expenditures on health and functions (baptism, funerals) are excluded. 5 Age of the household head (and age squared) (life cycle proxies), the dependency ratio, gender of headship and the years of formal education achieved by the household head (allowing for differential effects across primary, secondary and post secondary education) are included as explanatory variables to capture differences in household preferences.
They also affect households' permanent income and their coping capacity.
The ethnic origin of the household head is also controlled for. Cultivation of certain cash crops may traditionally be dominated by certain ethnic groups. This also helps control for people's social capital and thus their capacity to cope with shocks ex post. For example, the Chagga, which make up 74 percent of the total rural population in Kilimanjaro, are known to be highly mobile and well connected in Tanzania.
The size of households' landholding possessions, the number of their large (cattle, oxen, horses) and small (goat, sheep, pigs) livestock, and the value of their agricultural equipment and vehicles (all normalized by the number of adult equivalents) are included to further proxy households' productive capacity (and permanent income potential).
Squared terms of these variables help capture non-linearities in their effects on consumption. The substantial difference (factor of four) in average landholding size between Kilimanjaro, where the land frontier has been reached and agriculture is more intensive, and Ruvuma, where land is still relatively abundant and agricultural practice still rather extensive, is noteworthy. A self-reported measure of ease in obtaining seasonal credit for inputs is included to proxy access to production (as opposed to consumption) credit.
In addition to coffee and cashew price shocks, which affected every coffee and cashew producer, death or illness of a family member and drought emerged as the most important shocks 6 (Danford, Hoffmann and Christiaensen, 2007) . Following a peak in the mid-1990s producer coffee prices stabilized at historically low levels from 2000 onwards ( Figure 1 percent of the villagers in these communities were believed to have suffered.
From the directly administered household shock module, slightly more than onefifth of all rural households experienced at least one death and one-fifth saw their welfare affected by at least one major illness during the five years preceding the survey. In
Kilimanjaro, one third of the agricultural households were also affected by drought at least once during this period, compared with only 4.4 percent of the households in Ruvuma. (Table 1) . Cashew production is largely confined to the Yao. Households benefiting from commodity booms in the past may also have accumulated wealth which they could draw down during times of shocks to smooth consumption. When exploring the effect of commodity price shocks through a retrospective panel approach it is thus critical to control for the ethnicity and assets of the household to avoid omitted variable 7 Commodity price shocks differ from other shocks in that they are typically not totally unanticipatedprices have memory. However, swift adjustments are often difficult given sunk investment costs-coffee and cashew trees take at least 3 years before bearing fruit. 8 Consistently, while both regions enjoy similar rainfall levels on average (1289.7 mm for Kilimanjaro and 1211.5 mm for Ruvuma), the rainfall distribution in Ruvuma is much less dispersed.
bias, i.e. capturing an ethnicity or wealth effect as opposed to the (relative) welfare loss associated with the commodity price decline. Data permitting, the asset variables are also lagged to 2000, to be consistent. This also mitigates potential simultaneity bias with health shocks.
There is a large difference in the number of coffee trees owned across coffeegrowing households. To allow for differential effects among smaller and larger coffee farmers, coffee growers in the sample are divided in five quintiles based on their number of coffee trees in 2000. 9 The omitted category is the non-coffee growers. In Ruvuma, quintile categories for cashew growers, based on their number of cashew trees, and a category for tobacco growers are further included.
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To mitigate potential endogeneity problems arising from the self-reporting of drought shocks as registered in the directly administered shock module in the household questionnaire, an index of a household's qualitative assessment of the rainfall amount across its plots is used. In Kilimanjaro, those in the lowest quintile have on average 40 trees, which more than doubles from quintile to quintile to reach 1326 trees among farmers in the highest quintile. In Ruvuma, coffee growing households have on average three times as many trees as in Kilimanjaro with those in the highest quintile owning on average 5 times as many trees as those in the lowest quintile. 10 This categorization is based on tree ownership in early 2002, since recall data in Ruvuma extend only two years back. The tobacco group was not further disaggregated-only 4 percent of the households grew tobacco. 11 In particular, households were asked in the production module for each plot whether the rainfall was much below normal, somewhat below normal, normal, somewhat above normal, much above normal. A plot size weighted average of these rainfall assessments was calculated and rounded off to the nearest integer to obtain a qualitative assessment for each household.
to the rainfall shock, the rainfall shock indicator is multiplied by the household's cultivated land area per adult equivalent.
The health shock variable includes both the occurrence of a death and/or an illness shock of an adult household member in the two years preceding the survey.
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While death shocks are arguably not affected by self-reporting bias, illness shocks may be. The literature on the accuracy of self-reported health shocks (Foster, 1994; Groot, 2000; Gertler and Gruber, 2002; Baker, Stabile, and Deri, 2004) suggests that the likelihood of reporting a health shock is associated with a household's reference group (the poor tending to report fewer health problems), the intensity of the problem (the more severe the illness, the more likely it will be reported), and the need for justification (for example to rationalize absenteeism from work). While the two latter motivations are less of a concern in the current context, the former might bias the results. Inclusion of the comprehensive vector of household assets (as well as consumer durables) reflecting household wealth will however substantially mitigate the potential bias from self-reported illness shocks.
To cope with a shock, almost three quarters of the households used own savings (mostly cash and less revenues from asset sales). In addition, 50 to 60 percent of households received aid (the overwhelming majority from extended family) (Table 1) . on non-farming activities may also reflect exposure to drought shocks.
To control for unobserved heterogeneity across locations, village dummies are used in the base models. By unbundling the village effects using a series of village characteristics, it is subsequently examined whether the shock variables underestimate the welfare effects of (covariant) shocks when they cannot fully capture their covariant nature, albeit at the expense of potentially introducing endogeneity related to unobserved village effects.
To capture the connectivity of the village, information on the presence of a tarmac road in the village, the availability of a public phone and a cell phone signal, the regular organization of a market, and the availability of a bus service to the village are used.
Quality of the village's infrastructure is captured through the availability of electricity at the village level. The altitude at which the village is located is included to help define its agricultural potential-coffee typically grows at higher altitudes while cashew production is confined to lower altitudes.
Estimating the Welfare Effects of Shocks
Given the divergent nature of the economies in Kilimanjaro and Ruvuma, separate regressions are run for each region (Tables 2 and 3 ). The baseline model in column (1) includes the shock variables and controls for location effects through village dummies.
Models incorporating interaction terms of coping strategies (aid, use of own savings, and remittances) with the different shocks are in column (2). The differential effects of death and illness of an adult member are explored in column (3). In column (4) the location effects are identified through inclusion of village proxies of connectivity, access to electricity and agro-ecological conditions. The specifications fit the data very well, explaining almost half the variation in the observed (log) expenditures.
The coefficients on the household demographics and productive assets are highly significant and largely consistent with predictions from theory. Households with higher dependency ratios tend to be poorer and households with better educated heads enjoy higher consumption. However, the latter effect only holds when the heads have The availability of (cash) savings may help offset the effect of the drought shocks (in Kilimanjaro), though its effect is imprecisely estimated ( In contrast, households in Kilimanjaro are able to cope with milder rainfall shocks. In Ruvuma, they appear even slightly better off, though this result was only statistically significant at the 10 percent level. Experiences of somewhat below average rainfall were explicitly included to render households with normal (or above) rainfall the control group.
The results in column (1) of Tables 2 and 3 suggest that household welfare is unaffected by health shocks (death or illness of an adult household member) experienced over the past two years. Yet, when household's coping behavior is controlled for through interactions with the self-reported use of savings and the receipt of aid (column (2) and (4)), households in Kilimanjaro were estimated to lose 16 percent of their consumption when faced with a health shock. However, households who used savings (often cash) to cope with health shocks managed to almost completely offset the negative effects.
Receipt of aid from others appeared less effective. Surprisingly, health shocks appear not to affect household welfare in Ruvuma, even after controlling for households' use of coping strategies.
Welfare loss from illness or death shocks comes about through 1) increased (medical and funeral) expenditures and 2) foregone opportunities through a loss in labor supply (and thus earnings) and/or a decrease in the return to labor (Gertler and Gruber, 2002 labor supply effects and income loss. This is also consistent with the low marginal productivity of labor reported by Sarris, Savastano and Christiaensen (2006) in Kilimanjaro. Labor is even more abundant in Ruvuma, and when combined with the limited medical expenditures, the estimated absence of a welfare loss associated with a health shock in Ruvuma no longer comes as a surprise. However, given the lack of health care services in Ruvuma and lower overall living standards, this result should not necessarily be taken to mean that there is no welfare loss associated with illness and/or death shocks in Ruvuma, either in the longer run or in terms of non-monetary welfare.
Further decomposition of the health shock into illness and death (Table 2, column 3) suggests that households suffer especially from illness shocks, and less so from the death of an adult member. The overall absence of welfare loss in case of the death of an adult member, despite expenditures at least as large as in case of an illness shock (Table   4 , panel 1) suggests that 1) households don't suffer major income losses from lost labor supply as mentioned above and especially that 2) households manage to insure themselves from such shocks through reliance on savings and likely also through aid (discussed further below in Tables 7 and 8 ) and traditional/informal insurance schemes (such as group based funeral insurance as illustrated in Dercon, et al. (2006)) 18 .
These results support earlier findings by Beegle (2005) for Kagera, northwestern Tanzania, where wage employment of adult men declined substantially in response to a future female or male adult death, while past deaths were not associated with changes in either wage employment or non-farm self-employment. Similarly, she reports that coffee farming is reduced in households with a death within 6 months, but not for deaths after 6 months. In Nyakatoke, a typical Haya village in Kagera, De Weerdt and Dercon (2006) also find a decline in consumption (by 7.3 percent) following an unexpected illness shock, with risk sharing through networks important in mitigating non-food consumption.
Similarly, in rural Vietnam, the death of an adult working age member is not found to affect income (neither earned or unearned) or medical expenditures, while hospitalization of a worker reduces earned income (by 9 percent) (though not total income) and increases medical spending (more so for the uninsured) (Wagstaff, 2007) . No change was observed in consumption in case of a death of a working age member, and non-food consumption increased when a worker was hospitalized (likely substituting spending on food for electricity and upgrading of the house to care for the ill).
Kilimanjaro coffee growers in the lowest quintile category of tree ownership are ceteris paribus about 20 percent poorer than rural households not growing coffee, while those in the richest quintile tend to enjoy higher consumption levels. When interactions with the amount of remittances received (one of the coping strategies) 19 are included, coffee growers in the richest quintile are no longer statistically significantly richer.
Given the comprehensive controls for differences in wealth among households at the time of the onset of the coffee price shocks, these result suggest that while most coffee growers have managed to cope with the coffee price decline, i.e. their consumption levels did at least not fall below those of the non-coffee growers, the smallest among them experienced a substantial decline in their consumption. Given several years of high prices preceding the collapse in coffee prices starting in 2000, it is plausible that coffee growers largely managed to smooth their consumption, using cash savings and/or remittances and cash savings. Many also switched to bananas which are intercropped with coffee for sale in Dar es Salaam. 20 In sum, while it cannot be excluded that coffee growers' welfare declined, most appear not worse off nowadays compared with noncoffee growers. The smallest coffee growers, however, clearly suffered.
Similarly, coffee growers in Ruvuma are not worse off than non-cash-crop growers, with the larger ones actually enjoying substantially higher consumption levels despite the decline in coffee prices since 2000. 21 As asset holdings are well controlled for, though not cash savings, this may again reflect the availability of cash savings held by the larger coffee growers following windfall earnings from coffee production during the late 1990s.
This hypothesis is consistent with the fact that the likelihood of using (cash) savings in case of a drought or health shock is largely unassociated with a household's asset holdings (section 6).
While cashew growers also appear better off than non-cash-crop growers, this picture reverses when we replace the village dummies (column 2) by village characteristics (column 4). Cashew growers live concentrated in one district in Ruvuma and virtually all sampled households in this district have at least some cashew trees. The overall lower consumption levels among cashew crop growers are thus captured through the village dummies. As there are no reasons to believe that the cashew-crop-growing villages systematically differ from the non-cash-crop-growing villages beyond the village characteristics included in the analysis, the smaller cashew growers are likely 20 The number of banana trees per household among coffee growers increased by 37 from 405 to 442 while the number of coffee trees declined by 50 from 492 to 442. 21 Given the limited number of observations receiving remittances in each of the coffee and cashew quintile categories, we did not interact these with the receipt of remittances.
substantially worse off than the non-cash-crop growers (column 4). Cashew prices collapsed since the late 1990s and smaller cashew growers are likely to hold less cash savings compared with the larger cashew farmers.
Village dummies may capture some of the covariant effect of shocks. The results presented in column 4 of Table 2 seem to bear this out, though for all practical purposes the observed changes are negligible, with the exception of the results for cashew farmers.
Finally, it is noteworthy that households in villages with a tarmac road are on average about 16 percent richer in Kilimanjaro and about 33 percent richer in Ruvuma, indicating the importance of being connected through all weather roads, though placement effects cannot be excluded.
Poverty Effects of Shocks and the Effectiveness of Coping Strategies
For illustrative purposes, we simulate by how much average consumption and poverty incidence would have improved in the absence of shocks compared with the currently observed situation and by how much coping mitigated the effect of the shocks (Table 5) . To do so, the relevant terms Table 2 ), are added or subtracted. When coping more than offsets the effect of the shock, the effects are set equal to cancel each other.
The gross total loss among households in rural Kilimanjaro in 2003 due to health and drought shocks is estimated at about 11,100 TSH per adult equivalent or about 6 percent of annual consumption on average. Put differently, households who experienced either one or both shocks lost on average 33,369 TSH per adult equivalent gross or about 18 percent of their annual consumption. This amounts to a total gross loss of about 9.27 billion TSH or 9.27 million US$ in 2003 among rural households in Kilimanjaro alone.
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Clearly the gross costs of shocks to the economy can be substantial.
As about 12 percent of all rural households in Kilimanjaro experienced an illness or death of an adult member in the two years preceding the survey and almost twice as many households experienced a drought shock in 2003 (Table 6 ), drought shocks contributed more to the loss (7,000 TSH per adult equivalent) than health shocks (4,100 TSH per adult equivalent), even though the welfare loss associated with a health shock was estimated to be slightly larger than the estimated gross loss from a drought shock.
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Put differently, the immediate total gross loss in personal consumption among rural households in Kilimanjaro attributed to drought is estimated at 5.32 billion TSH, while the loss associated with illness and death of adult household members is estimated at 3.11 billion TSH.
Yet, some households managed to (partly) smooth their consumption in the face of these shocks. The difference between the observed average consumption in our sample and the average consumption in the absence of any (or the use of other) coping strategies 24 provides an estimate of the effectiveness of households' coping strategies.
On average about 53 percent (=5,900 TSH/11,100TSH) of the loss due to health and rainfall shocks was compensated for either through use of one's own savings or reliance 22 From Table 6 , it can be seen that 63,134 households experienced either a health or a drought shock in 2003, corresponding to 277,790 adult equivalents at an average of 4.4 adult equivalents per household. Given an average loss of 33,369 TSH, this results in a total estimated gross loss of 9,269,574,510 TSH or about 9.27 million US$ at the 2003 exchange rate of about 1,000 TSH per US$. 23 The gross negative effects of the health and drought shock are estimated at 16 and 11 percent respectively (see column 2, Table 2 ). 24 In the simulations we focus on the use of savings and aid from others as coping strategies. When coping more than offset the effect of the shock, only the effect of the shock is subtracted from the actual consumption.
on aid from family and neighbors or traditional funeral insurance schemes. This presents an upper bound estimate of the potential crowding out effect from introducing public insurance. Furthermore, households were better able to cope with health shocks than with rainfall shocks. In case of idiosyncratic health shocks, households could rely on both their own savings as well as aid from others. In case of covariant droughts, they
were large confined to their savings.
Finally, assuming the decline in welfare among the small coffee growers could be completely ascribed to the coffee price decline, we estimated that the coffee price decline resulted in a net average loss of about 3,900 TSH per adult equivalent. Given that larger farmers may have used their (unobserved cash) savings to cope with the coffee price decline, this is likely to be an underestimate.
Looking at the distributional consequences of the different shocks, health and drought shocks increased poverty incidence by 3.8 percentage points from 38.2 to 42 percent (in the absence of coping), with both shocks equally attributing to the increase.
Yet, private coping strategies (either through self-or informal mutual insurance) substantially mitigated the poverty increasing effects of the shocks (by 2.1 percentage points). It is simulated that the coffee price increased poverty by at least 1.9 percentage points, though as argued before this may well be an underestimate.
Correlates of Households' Ex Post Coping Strategies
Savings and aid emerge as important coping strategies for rural households in Kilimanjaro and Ruvuma. Understanding when savings, aid or both are more likely to be used in case of different shocks and by whom is important to inform better targeting of social protection interventions. Tables 7 and 8 present probit models of having received aid or having used savings (or both) in case of a shock for Kilimanjaro and Ruvuma respectively.
Consistent with the covariate nature of rainfall shocks, households are more likely to use their own savings to cope with droughts, though savings are also used to cope with illness and death shocks. External formal assistance (e.g. food aid or formal social protection interventions) has been rare in the study areas. When faced with a health shock (especially when it concerns the death of an adult member) which is idiosyncratic in nature, a household is more likely to receive aid. Aid appears not responsive to drought shocks.
No clear pattern of association emerges between the amount of assets possessed
by the household and its use of coping strategies. The Ruvuma results suggest that the more coffee trees a household had two years ago, the higher the likelihood was that it coped either through use of savings and the reception of aid. This is consistent with the earlier finding that coffee-growing households in Ruvuma are not worse off than noncash-crop growers despite the decline in coffee price during the early 2000s. There is no association between the number of coffee trees owned in 2000 and the use of self-or mutual insurance in Kilimanjaro. Yet, when quintile categories of coffee trees owned are included (as opposed to the number of coffee trees and its squared term) (results not presented), those in the highest quintile are more likely to use savings (though not aid), consistent with the results in table 2 that this group is still better able to cope and that it might still be better off than the non-coffee growers. Cashew tree growers were not found to be different in their coping capacity than the other non-cash-crop growers.
While educational attainments do not affect households' coping capacity in Kilimanjaro, in Ruvuma secondary education of the head is associated with a lower probability of receiving assistance, and primary schooling negatively correlated with the use of either coping strategy. Female-headed households in Kilimanjaro are much more likely to receive aid, and much less likely to use savings to cope with shocks. A similar pattern was observed in Ruvuma, though the coefficients were imprecisely estimated. In Kilimanjaro, the probability of receiving aid decreases with the age of the household head up to 36 years, and becomes positively associated with age at 72 years. In Ruvuma, a corresponding increase in the likelihood of using savings is observed up to the age of 43.
The availability of a bus service in a village positively affects households'
likelihood of using savings in Ruvuma, while electrification and cell phone reception in the village, both indicators of general wealth levels, are positively associated with the use of savings in Kilimanjaro. 1 9 7 5 / 6 1 9 7 7 / 8 1 9 7 9 / 0 1 9 8 1 / 2 1 9 8 3 / 4 1 9 8 5 / 6 1 9 8 7 / 8 1 9 8 9 / 0 1 9 9 1 / 2 1 9 9 3 / 4 1 9 9 5 / 6 1 9 9 7 / 8 1 9 9 9 / 0 2 0 0 1 / 2 2 0 0 3 / 4
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Kilimanjaro Ruvuma (3) include village dummies (not presented to save space). All models use population-weighted least squares with standard errors corrected for heteroskedasticity and intra-cluster correlation. Absolute value of t statistics in parentheses; * significant at 10%; ** significant at 5%; *** significant at 1% (3) include village dummies (not presented to save space). All models use population-weighted least squares with standard errors corrected for heteroskedasticity and intra-cluster correlation. Absolute value of t statistics in parentheses; * significant at 10%; ** significant at 5%; *** significant at 1%; rainfall very low * acres cultivated/ae * used savings to cope with drought, rainfall very low * irrigated acres/ae, village electricity, village public phone, are all dropped due to collinearity. Absolute value of t statistics in parentheses; * significant at 10%; ** significant at 5%; *** significant at 1%; ae=adult equivalent; all models use population-weighted probits with standard errors corrected for intra-cluster correlation; post-secondary education of head predicts use of savings and no receipt of aid perfectly; differing number of observations between regressions is due to the fact that observations are dropped when a variable is perfectly collinear with the dependent variable. Absolute value of t statistics in parentheses; * significant at 10%; ** significant at 5%; *** significant at 1%; ae=adult equivalent; population-weighted probits with standard errors corrected for intra-cluster correlation; post-secondary education of head predicts use of savings and no receipt of aid perfectly; differing number of observations between regressions is due to the fact that observations are dropped when a variable is perfectly collinear with the dependent variable.
